The purpose of this paper is to develop a systems theory-based construct for pathologies within the context of complex system problem formulation. Problem formulation is arguably one of the most critical phases of any endeavour to improve systems. However, there is relatively little research utilising systems theory during problem formulation. A possible extension of the systems research is the introduction of systems theory (i.e., laws, principles and concepts) as a foundation for exploration, innovation, transformation, evaluation and evolution of complex systems. Specifically, this paper is concerned with how we might use systems theory to articulate pathologies -circumstances, conditions, factors, patterns and/or issues acting to impede system performance. The paper examines the importance of problem formulation for issues related to complex systems. A multidisciplinary literature review is then provided to synthesise insights on pathologies. A systems theory-based construct for pathologies is then developed. Finally, the paper provides implications for the systems theory-based pathologies construct related to complex system governance. The paper concludes with possible future research directions.
Introduction
The 21st century landscape is defined by themes of ambiguity -increasing lack of clarity and situational understanding, complexity -large numbers of richly interdependent and dynamically interacting systems with behaviour difficult to predict, emergence -inability to deduce behaviour, structure, or performance from constituent elements, interdependence -mutual influence among complex systems through which the state of a system influences and is influenced by, the state of interconnected systems and uncertainty -incompleteness in understanding, predicting, or controlling of systems (Flood and Carson, 1993; Skyttner, 2005; Katina et al., 2014a Katina et al., , 2014b . Under such conditions, organisations must be viewed as complex interdependent systems rather that simple and isolated systems (Hammond, 2002; Laszlo, 1996) . Instrumental in viewing organisations as whole systems are systems ideas and their derivative intervening systems-based methodological approaches to foster their improvement (Adams et al., 2014; von Bertalanffy, 1972) .
A key fundamental phase in any systems-based approach is problem formulation. Problem formulation is considered a portal into complex system understanding and is instrumental in the eventual development of solutions that might bring about positive change (Dery, 1984; Lynn, 1980; Warfield, 1976) . The differing terminology associated with problem formulation phase include: formulating the mess (Ackoff, 1974 (Ackoff, , 1978 Majone and Quade, 1980; Mason and Mitroff, 1981; Mitroff and Emshoff, 1979) , problem articulation (Wellington, 1887) , problem bounding (Checkland, 1993) , problem context (Crownover, 2005; Jackson, 1991 Jackson, , 2003 , problem definition (Dery, 1984; Blanchard and Fabrycky, 2006; Gibson et al., 2007; Warfield, 1976) , problem framing (Fairhurst and Sarr, 1996; Keating et al., 2003) , problem identification (Majone and Quade, 1980) , problem setting (Majone and Quade, 1980; Miser and Quade, 1988) and problem situation (Miser and Quade, 1988) . These different terms all reflect different ways in which problem formulation has been described.
Regardless of these different descriptors, there is wide acknowledgement of the importance of problem formulation -ranging from ideas of defining problems to developing effective solutions. First, this phase is intrinsically linked to how human beings view the world. Quade's (1980) work suggests that a major element of problem formulation relates to being 'dissatisfied with current or projected state of affairs' [Quade, (1980), p.23] . To enable successful sub-sequent steps, the analyst must attempt to bring as much clarity as possible to the situation under study (Warfield, 1976) . Such efforts, according to Quade (1980) involve "identify[ing] the problem to be studied and define its scope in such a way that he has some hope of finding an acceptable and implementable solution with the economic, political, technological and other constraints that exist, including limitations imposed by the policy makers' span of control and the time available for decision" (p.23). Consequently, how the analyst views the situation has a major implication on problem formulation.
Additionally, problem formulation is not simply "a descriptive definition [of situations], for it does not merely describe but also chooses certain aspects of reality as being relevant for action in order achieve certain goals" [Dery, (1984), p.35] . As supported by Vennix's (1996) work that suggests "people [may] hold different views on: a whether there is a problem, and if they agree there is b what the problem is" [Vennix, (1996), p.13] And the fact that problems "arise from a problem area or nexus of problems rather than a well-define problem" [Quade and Miser, (1985) , p.17] coupled with Dery's (1984) supposition that "problems are not objective entities in their own right" [Dery, (1984) , p.65], problem formulation must address a plurality of objectives held by the involved stakeholders (Rittel and Webber, 1972) .
Moreover, problem formulation is related to overall systems success. Wellington (1887) suggests that:
"the correct solution of any problem depends primarily on a true understanding of what the problem really is, and wherein its difficulty, we may profitably pause upon the threshold of our subject to consider first, in a more general way, its real nature -the causes which impede sound practice; conditions on which success or failure depends; directions in which error is most feared. Thus we shall more fully attain that great prerequisite for success in any work -a clear mental perspective, saving us from confusing the obvious with the important and the obscure and remote with the unimportant" [Wellington, (1887) , p.1]. Table 1 is drawn to illustrate the breadth of concepts associated with problem formulation. Consequently, problem formulation phase "has subsequently been considered the most critical stage in policy analysis" [Dery, (1984), p.2] and is "probably the single most important routine, since it determines in large part…the subsequent course of action" [Mintzberg et al., (1976), p.274] . Certainly, the purview of problem formulation includes identification of any factors that may act to limit expected system performance. The analysts might use empirical data of both the quantitative and qualitative types and include consideration of the environment and relevant stakeholders (Adams and Hester, 2012) . These considerations enable the analyst to reduce the probability of precisely solving the wrong problem -type III error (Kimball, 1957; Mosteller, 1948; Mitroff, 1998; Mitroff and Featheringham, 1974) and reduces costs spiralling out of control (Katina et al., 2014c) as well maintaining the analyst's credibility (Lynn, 1980) . Nonetheless, there remains ambiguity associated with how we can identify pathological conditions acting to limit growth, sustainability and viability of complex systems. Dery's (1984) proclamation: "whether we seize, set, define, discover, or formulate a problem, we are not certain of precisely what we are doing; nor is it obvious that we understand the object of such pursuits" [Dery, (1984) , p.14] remains intact especially since there remains a "lack of clarity as to what problem definition is or how to do it" [Crownover, (2005), p.30] . This article attempts to bridge this gap in problem formulation through use of systems theory. Systems theory is presented as a set of laws, principles and theorems that enable understanding of complex systems (Adams et al., 2014) . The reminder of this article is organised as follows: the concept of 'pathology' is explored from different disciplines to form a basis for a generalised perspective on 'systems pathology'. A systems theory-based construct for pathologies is then developed based on literature. Implications for governance for complex systems are provided. The concluding section offers suggested future research.
A generalised concept of systems pathology
In this section, the term 'pathology' is examined and its relationship to problem formulation of systems-based methodologies is articulated. First, it is essential to recognise the etymology of the term pathology. Webster's New Explorer Encyclopedic Dictionary suggests that the term pathology is derived from two ancient Greek terms: pathos (i.e., suffering, experiencing and emotions) and logia (i.e., the study of) (Merriam-Webster, 2006) . The usage of the term 'pathology,' appears to have emerged in early 17th century and was commonly associated with the examination of dead bodies in hopes of uncovering causes of death (Long, 1965) . Since earlier attempts to uncover causes of death where often associated with understanding structural and functional changes, paying close attention to physical changes played a critical role in understanding morphological changes (van den Tweel and Taylor, 2010) .
In the middle ages, it was widely believed that life was sustained by humours. Medical philosophy of humoural theory held that the human body was filled with four basic well-balanced substances of black bile, yellow bile, phlegm and blood (Bynum and Porter, 1997) . It was then held that these basic substances were intrinsically linked to four elements of earth, fire, water and air that sustained life and that imbalance (i.e., excess or deficit) in the humours was the cause of diseases and death (Bynum and Porter, 1997; van den Tweel and Taylor, 2010) . However, it was not until the 19th century that this philosophy was replaced by a more scientific cellular theory of Rudolf Virchow and bacteriological theory of Louis Pasteur where disease is understood via microscopic analysis of infected cells (Bynum and Porter, 1997) . The discoveries of disease-causing microbes (e.g., bacteria, virus and fungi) suggested that symptoms could be observed and treated to prevent structural and functional changes in the human body (Long, 1965) . However, since a symptom is only indicative of an underlying problem, it became obvious that there was a need to examine underlying causes of symptoms so that proper treatment could be prescribed (e.g., see van den Tweel and Taylor, 2010) .
Thus etymologically, the term 'pathology', has historically been related to attempts to understand observed symptoms and determining the cause of disease and death through dissection. Moreover, pathology is also intrinsically related to understanding structural and functional morphological changes and encompasses disease etiology, disease pathogenesis, cell morphologic changes and consequences of changes (Kumar et al., 2010) . Interestingly, the term 'pathology,' is not restricted to understanding symptoms and cause of diseases in human and animal systems. In fact, 'pathology' has also been used in relation to understanding issues that might act to lessen system growth, performance and viability in inanimate systems and can be found in management theory, policy analysis, management cybernetics and intelligent systems.
In management theory and organisational studies, pathology is used to describe organisational issues that might affect performance of formal organisations. Barnard's (1946) work on formal organisations describes functional and scalar pathological conditions that affect organisational performance. The functional status of a system describes the individual conditions such as privileges, rights, immunities, duties and obligations that can affect performance of an organisation while the scalar status of a system is determined by relationships of superiority in organisational hierarchy and jurisdiction (Barnard, 1946) . Since Barnard's (1946) view of pathology suggests that pathologies limit organisational growth, understanding 'system status' is pertinent to improving and maintaining system performance.
In policy analysis, an area of research that deals with "determining which of various alternative policies will most achieve a given set of goals in light of the relations between the policies and the goals" [Nagel, (2001) , p.71], problem identification is one of the key aspects of analysis. In this phase, determination of goals, setting the boundary, understanding context, the target social system and drawing an initial approach, take place (Quade, 1980) . Interestingly, Dery equates pathologies to "discrepancies [in social systems] between cherished goals and reality -whose existence and undesirability can be taken for granted" [Dery, (1984), p.38] . Moreover, the complexities involved in understanding social issues, suggests that the concept of social pathologies varies based on people's worldviews where "a problem is not the same to all interested parties" [Becker, (1966), p.7] and yet a given problem may not be the same even for all "disinterested parties, or even to the same researcher" [Dery, (1984), p.25] .
In management cybernetics, pathology is used to describe deviations or shortcomings in subsystem functions that are considered to be instrumental for system viability. Using principles of communication and control, Stafford Beer developed the viable system model (VSM), with supplement developments from Espejo and Harnden (1989) and Keating and Morin (2001) . Beer's VSM envisioned the necessary and sufficient subsystems of productive (S1), coordination (S2), operations (S3) and monitoring (S3 Star [*]), system development (S4) and learning and transformation (S4*) and system policy and identity (S5) and their functions for organisational viability (continued existence) despite turbulent environmental conditions (Beer, 1979 (Beer, , 1981 (Beer, , 1985 . Moreover, Beer also postulated, "viable systems of all kind are subject to breakdown. Such breakdowns may be diagnosed, simply in the fact that some inadequacy in the system can be traced to malfunction in one of the five subsystems, where in turn one of the cybernetic features… will be found not to be functioning" [Beer, (1984), p.17] . Inadequacy in the subsystems and their underlying configuration were considered to contribute to pathological conditions of recursive pathology, identity pathology, subsystems 2-4 mismatch pathology and metasystem pathology that may affect organisational viability (Beer, 1984) .
Similar to Beer's (1984, p.17) postulation that "the etiology of the disorder may be traced, a prognosis may be prepared, and antidotes (even surgery) may be prescribed" based on cybernetic enquiries with respect to viable organisations, Ríos (2010 Ríos ( , 2012 , noted that pathologies are related to inadequacies (or lack of adhering to) cybernetic principles in designing complex organisations. Structural, functional and informational categories represent a broad categorisation of organisational pathologies. Structural pathologies are "related to an inadequate treatment of total complexity faced by an organization" [Ríos, (2012), p.142] . Functional pathologies are deficiencies associated with "each of the organisations that compose the total organization… The aim is to see whether the essential functions (systems) necessary for the organisation's viability exists and work adequately" [Ríos, (2012), p.142] . The communication and information pathologies pertain lack of (or inadequacies in) mechanisms that must enable transfer of information between subsystems and the environment (Beer, 1984; Ríos, 2012) . Table 2 is drawn to depict the VSM organisational pathologies based on cybernetic principles. Entangled vertical unfolding with various interrelated levels of membership: it is possible to have various conflicting system identities due to lack of appropriate communication channels
Subsystem 5 pathologies: these include ill-defined system identity, institutional Schizophrenia, collapsing S5 into S3 and inadequate representation of system totality System 4 pathologies: these pathologies are associated with the concepts of a headless chicken (i.e., it might run around for a while but soon dies) and an ostrich with its head in the sand (i.e., it is afraid to take action such as environment scanning for outside and future issues that might enable or constrain its operations) and dissociation or lack of connection between S4 and S3 System 3 pathologies: these pathologies address inadequacies related to management style (e.g., excessive direct intervention by system 3), Schizophrenic S3, weak connections between S3 and S1s and a hypertrophic of S3 System 3* pathologies: this includes lack or insufficient development of S3* such that it is overwhelmed the information related to S1, S2 and S3 System 2 pathologies: these pathologies relate to disjoint behaviour with S1s (i.e., each on his own), and an authoritarian S2 (i.e., an authoritarian operational management style) Functional System 1 pathologies: these include having S1 that becomes an autopoietic system and an S1 that becomes dominant over the metasystem Lack of information systems that may be used to linking different systems and increase awareness
Fragmentation of information systems such that information may not be easily captured, stored, processed and interchanged among different systemsinteroperability
Lack of key communication channels (infrastructure) capable of handling required information exchanges
Lack of or insufficient algedonic channels capable of transmitting vital information from S1s to S5 regarding viability of the organisation
Information and communication
Presence of incomplete or inadequate channel capacity such that there is delay in information transmission or channels fail to transmit information properly Lack of metasystem pathology: this pathology related to absence or weakness of the metasystem (i.e., S2, S3, S3*, S4, S4* and S5). This occurs when exclusive attention is placed to developing S1 elements while ignoring the metasystem elements and their functions VSM independent pathologies
Organisational autopoitic beasts pathology: this pathology occurs when S1 elements "become obsessed with achieving their own goals relating to growth and power, regardless of whether or not they contribute to facilitating the task of system 1" [Ríos, (2012), p.163] In intelligent systems, pathology is used in connection with adopted organisational structures that might contribute to eroding system effectiveness (Sheptycki, 2004 ). In such a system, knowledge is created from acquired data which eventually leads to taking specific actions. At a general level, there is a direction activity in which the 'customer's intelligence needs' are identified and established. There is also a collection activity in which information pertinent to customer need is gathered and a processing activity in which analysis takes place to convert information into consumable 'intelligence packages'. In addition, a dissemination activity involves giving 'intelligent packages' to customers and then a final activity which involves a joint assessment of what was done and what should take place (Sheptycki, 2004) . To accomplish these activities especially in a crime-policing environment, there is need for collaborative effort involving different organisations at different levels of intelligence. Two issues pertinent to the current dialogue come into play: first, the principles of information flow for "intelligence [systems] is supposed to flow upwards in the data pyramids" [Sheptycki, (2004) , p.313]. However, Sheptycki (2004) notes that since different agencies operate on different pyramids of intelligence, there is no standard operating procedure across all intelligence systems. Second, given that the structure of intelligent systems is multi-agency, there is a need for "movement of information between or across these information hierarchies" [Sheptycki, (2004), p.313] . Moreover, the multi-agency hierarchies of intelligence systems ensure that different agencies operate at different levels on the intelligence playground. These two issues, coupled with the desire to transform intelligent systems into more effective intelligent systems, according to Sheptycki (2004) , create the right conditions for the 11 organisational process pathological conditions. These conditions include digital divide, linkage blindness, noise pathology, intelligence overload, non-reporting and non-recording, intelligence gaps, duplication pathology, institutional friction, intelligence hoarding and information silos, defensive data concentration and occupational subcultures. These pathological conditions may act to lessen effectiveness in intelligence systems. Sheptycki's (2004) work not only suggests that an adapted organisation structure, policies, or strategies might be sources of deficiencies in organisational operations, but also illustrates that pathology can be described in terms of technology and day-to-day organisational processes.
This selected literature serves two primary purposes. First, it provides a means to diverge from the traditional medical formulation of pathology (Dietel and Schäfer, 2008; van den Tweel and Taylor, 2010) commonly associated with disease etiology, disease pathogenesis, cell morphological changes and health change consequences (Kumar et al., 2010) to a more contemporary formulation that considers health of inanimate systems including computer systems (Bobba et al., 2007) , complex organisations (Barnard, 1946; Beer, 1984; Ríos, 2012) and social systems (Beer, 1984; Yolles, 2007) . Second, this extended view of pathology provides a platform for viewing pathology in terms of factors and issues that act to reduce expected system performance based on an inadequacy in (or violation of) functions and their underlying principles. Figure 1 is drawn to illustrate how pathology can be viewed based on system functions. Moreover, internal (e.g., organisational policy) and external (e.g., environmental changes) circumstances, conditions, factors, patterns or issues may also all act to reduce performance and viability of complex systems (Keating and Katina, 2012) . Clearly, the concept of pathology is not a new. However, attempting to enhance the problem formulation phase with concepts stemming from systems pathology is an emerging paradigm. In this present development, this paradigm is being built on the premise that we can use systems theory to articulate pathologies affecting complex system performance and viability. The following section elaborates on how systems theory can be used as a foundation for system pathology articulation.
Systems theory-based pathologies
There is a general agreement that modern societal systems operate under conditions of ambiguity, complexity, emergence, interdependence and uncertainty (Flood and Carson, 1993; Katina et al., 2014b; Skyttner, 2005) . Therefore, many researchers have suggested that today's most vexing issues cannot be addressed using reductionist approaches (Capra, 1997; Hammond, 2002; Laszlo, 1996) . Systems theory and its holistic approach is often suggested as an alternative that might be used to understand current situations and bringing about positive change (Adams et al., 2014; Hammond, 2002; von Bertalanffy, 1972) . Our question becomes, 'how can we use systems theory to articulate pathologies as part complex system problem formulation?' First, it is important to note that there is no one single common definition of systems theory (Adams et al., 2014; Hammond, 2002) . However, ideas central to systems theory emerged in the 1940s and is commonly attributed to Anatol Rapoport, Norbert Weiner, Karl Ludwig von Bertalanffy and Ross Ashby as they attempted to provide an alternative approach to reductionism and provided a platform for uniting sciences (Laszlo, 1996; von Bertalanffy, 1950) . Systems Theory emerged as an attempt to provide an alternative approach to reductionist thinking which is closely assigned with the scientific method based approaches where a complex system is nothing more than the sum of parts and therefore they can be understood by reduction to constituent elements (Hammond, 2002; von Bertalanffy, 1968) . In contrast, systems theorists seek to "concentrate on structure on all levels of magnitude and complexity, and fit detail into its general framework. They discern relationships and situations, not atomistic facts and events" [Laszlo, (1996), p.9] . In this sense, the intellectual foundations of system theory support the idea of holistic thinking. In this current exploration, these ideas are extended to problem formulation for complex systems, especially concerning pathology articulation.
Second, this current exploration adopts the formal definition of systems theory as proposed in Adams et al. (2014) : "a unified group of specific propositions which are brought together to aid in understanding systems, thereby invoking improved explanatory power and interpretation with major implications for systems practitioners" [Adams et al. (2014), p.113] . This definition aligns with original bylaws of the International Society for the Systems Sciences (ISSS), which state the aims of general systems theory:
1 to investigate the isomorphy of concepts, laws and models from various fields and to help in useful transfers from one field to another 2 to encourage development of adequate theoretical models in the fields which lack them 3 to minimise the duplication of theoretical efforts in different fields 4 to promote the unity of science of through improving communications among specialists (Adams et al., 2014; Hammond, 2002; von Bertalanffy, 1972) .
Finally, systems theory includes laws (e.g., law of requisite variety), principles (e.g., principle of basins of stability) and theorems (e.g., recursive system theorem) that might be used to understand complex systems. By extending the previously articulated logic of system function-based pathology to systems theory, a systems pathology might be defined as an inadequacy associated with use of systems theory which might be expressed as the lack of use of a principle (i.e., not recognising utility of systems theory) or violation of a principle (i.e., ignoring or inappropriate application of systems theory). Figure 2 is drawn to depict an emerging systems theory-based construct for pathologies. The idea of using systems theory to enhance the problem formulation phase is certainly within the bounds of application of systemic thinking where the concern is placed on whole systems rather than parts of the system (Simon, 1969) . The proposed construct can be used to better understand the role of articulated pathologies and their corresponding impact on the different complex system governance (CSG) functions, spanning context, control, communication, coordination and integration dimensions of governance (Adams et al., 2014; Keating, 2014) . 
Implications for CSG
This section provides implications of the developed system theory-based construct of pathologies for governance of complex systems. CSG involves design, execution and evolution of the metasystem functions necessary to provide control, communication, coordination and integration of a complex system (Keating, 2014; Keating et al., 2014) . Certainly, the developed system theory-based construct for pathologies might offer several points of utility for CSG. First, the design activities undertaken to purposely and proactively engaging in the creation of the governance system would be well served to be engaged with the frame of reference of pathologies. This consideration might act to enhance understanding and create the possibility for alternative remedial design parameters for systems prior to operational fielding. Similarly, for operating systems, they might be experiencing the performance deficiencies that stem from the existence of one or more of system pathologies. Therefore, for newly designed or operating systems, a rigorous problem formulation that includes pathology articulation can be used to inform design, execution and evolution of functions necessary for successful CSG.
Second, current research suggests that the essential elements of CSG are control, communication, coordination and integration. Control provides necessary constraints to ensure consistent performance and future system trajectory . Problem formulation offers insights into pathological conditions that might affect system trajectory as well as future system viability (Beer, 1984) . It can examine degrees of autonomy, desired levels of performance and behaviour that can constrain, or enable, the system. The communication element of CSG deals with the flow and processing of information necessary to support consistent decision, action and interpretation across the system. A systemic problem formulation phase can be used to articulate pathologies more likely to limit information flow or effectiveness of the communication channels. Coordination provides for effective interaction among different entities within the system and external to the system, to prevent unnecessary oscillations. The rigorous examination and articulation of pathologies related to coordination can identify deviations that inhibit system stability. Integration is an integral part of CSG and is necessary for system unity across the areas of common organisational goals, accountability and balance between individual autonomy and system-level interests. The pathology perspective of problem formulation provides an opportunity for examination of integration issues that might affect organisational viability.
At this point, we have now shown the importance of pathologies in CSG. Suffice to say, unlike symptoms, pathologies are indicative of 'bigger problem(s)' [Lyden and Klingele, (2000) , p.3] contributing to poor system performance. As such, pathologies might provide the analyst with a deeper level of understanding related to structural issues underlying the performance of a complex system. In CSG, the existence of pathologies indicates inadequacies in the design and execution of the complex system (Keating and Katina, 2012) . This relationship might not be obvious from superficial analyses of symptoms. The manifestation of symptoms is quite likely to be a result from deeper system issues, whose discovery can only be achieved through deep systemic inquiry and exploration provided by systems theory.
Conclusions and future research
Identifying systemic issues affecting system performance is certainly within the purview of problem formulation and pertinent to overall system development efforts and ultimately system success. In this paper, the author argues that there is an opportunity to more rigorously extend systems theory to problem formulation in the area of pathologies. In light of the current state of research, there are several proposed areas of research. First, it is essential to provide a 'listing' of possible pathologies based on the developed systems theory-based construct for pathologies. There is an opportunity to articulate pathologies based on an extensive set of laws, principles and concepts of systems theory (Adams et al., 2014; Clemson, 1991; Skyttner, 2005) .
Under the current conditions facing modern complex systems, including ambiguity, complexity, emergence, interdependence and uncertainty, complex systems do not operate in isolation. The concept of metasystem (including a set of higher-level functions that every system must perform) and missions, that exist beyond the capabilities of individual constituent systems to perform, is critical. The concept of pathologies can also be extended to the metasystem and its constituent functions. Thus, there is an opportunity to extend the current work to include pathologies at the metasystem level. Finally, no organisation has unlimited resources. Therefore, bringing about positive change might require the application of concepts of prioritisation and ranking of pathologies, such that wiser investment of scarce resources might be pursued. A set of measures (e.g., risk of metasystem pathology, system resilience against pathology, system susceptibility to pathology) might be developed to indicate the relative importance of identified pathologies and aid in prioritisation. These theoretic based research directions suggest the utility and significance of an approach to identify pathologies at the system and metasystem levels using systems theory. Future research directions should elaborate and utilize the proposed construct to identify pathologies and provide ranking of such pathologies to support more informed decision-making in CSG of real world systems.
